Supplementary Text
Detailed discussion on the R-G interaction. The contributing residues inside the P-G interface are grouped from G1 to G6 (black circles, Figure S10a ) by their sequences.
The free residues at the margin of AFP displaying the strongest R-G interaction are highlighted with yellow circles and grouped from GI to GIII. The regular Thr arrays on the AFP surface are the main components in groups G1 to G6. Groups GI to GIII are composed of two types of amino acids, arginine (Arg) and histidine (His). Both the number of contributing residues and their interactions with graphene (R-G interactions) are higher in vacuo than in water for groups G1 to G6.
The R-G interactions for groups G1 to G6 vary depending on the locations of the residues at the P-G interface regardless of the presence of water. Groups G1, G5, and G6, which are closer to the margin of the P-G interface, have stronger R-G interactions than groups inside the P-G interface (groups G2, G3, and G4). The impairment rate (IR = 1 -E w /E v ) of each group is calculated to quantify the hindering effect of the interlayer water on the R-G interaction. The IR of interstitial water to the R-G interaction was over 0.11 for groups G1, G3, G4, G5 and G6.
For groups GI to GIII, the hindering effects of water molecules on the R-G interaction were not efficacious. Water immersion had no significant influence on the R-G interaction for group GI (IR = 0.01) but promoted the hindrance of R-G interactions in group GII (IR = -0.25), even though both groups GI and GII contained the same protonated Arg ( Figure S10b ). Analysis of the conformations of groups GI and GII in water and under vacuum indicated that the adsorption of AFP on graphene did not induce a significant conformational transition for Arg in group GI in water or in vacuo ( Figure S11 ). The initial-tortiled Arg of group GII was stretched onto graphene in water, but constricted under vacuum ( Figure S12 ). In addition, because histidine (His) residues weakly adsorbed onto the graphene surface, 1 the poly-(His) 6 conformation at the end of a protein chain was dominated by the inter-residual interactions of the six His residues themselves and aggregated to form a hammer shape in water ( Figure S13a ). Thus, only three of these His residues contributed to the P-G interaction (group GIII in Table S2 ). Under vacuum, the poly-(His) 6 not only aggregated together but also adhered onto the surface of the protein ( Figure S13b ), further reducing the R-G interactions and leading to a negative IR (-0.18). Superscript * indicates that the position of the protein varies along the reaction coordinate. Superscript + indicates that an umbrella potential is applied to the C α of the protein. Table S1 . The average R-G interaction per residue for each group in water (E w ) and in vacuum (E v ) and the corresponding impairment rate (IR = 1 -E w /E v ). Figure S1 . Linear fit of N IW and P-G in the assembly of AFP stacking on graphene in water.
Supplementary Tables

Supplementary Figures
A final conformation of AFP stacked on graphene in TIP5P water.
A final conformation of AFP stacked on graphene in TIP3P water. Figure S2 . Two final conformations of AFP stacked on graphene in TIP5P and TIP3P water models. Figure S3 . Vibrational power spectrum of AFP at 300 K. Figure S4 . The vibrational power spectrum of a poly(Thr) 3 within a 3 nm cubic water box at 300 K. Figure S5 . The four Thr residues examined in the non-covalent interactions (NCIs) analysis were drawn by the CPK method. Figure S6 . The transverse shift of AFP on the graphene surface when the system was cooled from 300 to 240 K. dX and dY are the relative migrations of the mass centers of AFP on graphene in the x-and y-directions, respectively. Figure S7 . The interlayer water hindered stacking of the β-sheet model protein AFP on graphene. The hydration layers on the protein surface (in green) are less than 0.5 nm. The hydration layer on graphene is a 0.5 nm layer of interfacial water (in grey). In step 1 (RC > 1 nm), the interlayer water molecules (in red) are considered as the water molecules between the two hydration layers on protein and graphene (approximately 0.5 nm thick). In step 2 (RC < 1 nm), the interlayer water molecules are the overlapped water molecules between the two hydration layers that interfere with each other. In step 3 (RC < 0.5 nm), the interlayer water molecules are all water molecules inside the P-G interface. Figure S11 (a) R-G interaction during the last 10 ns in the presence and absence of water. The contributing residues (tagged with their single letter abbreviation) in the water environment were highlighted by circles and be categorized in 9 groups (G1-G6
and GI-GIII). (b) The surface locations of the contributing residues. Groups G1-G6
and GI-GIII were drawn by the methods of Licorice and CPK, respectively. 
